Aims. We aim to refine the dynamical masses of the individual component of the low-mass pre-main sequence binary Haro 1-14C. Methods. We combine the data of the preliminary orbit presented previously with new interferometric observations obtained with the four 8m telescopes of the Very Large Telescope Interferometer. Results. The derived masses are M a = 0.905 ± 0.043 M and M b = 0.308 ± 0.011 M for the primary and secondary components, respectively. This is about five times better than the uncertainties of the preliminary orbit. Moreover, the possibility of larger masses is now securely discarded. The new dynamical distance, d = 96 ± 9 pc, is smaller than the distance to the Ophiuchus core with a significance of 2.6 σ. Fitting the spectral energy distribution yields apparent diameters of φ a = 0.13±0.01 mas and φ b = 0.10±0.01 mas (corresponding to R a = 1.50 R and R b = 1.13 R ) and a visual extinction of A v ≈ 1.75. Although the revised orbit has a nearly edgeon geometry, the system is unlikely to be a long-period eclipsing binary. Conclusions. The secondary in Haro 1-14C is one of the few low-mass, pre-main sequence stars with an accurately determined dynamical mass and distance.
Introduction
Haro 1-14C (HBC 644) is one of the few low-mass, pre-main sequence binaries whose orbit can be observed both with radial velocity and resolved astrometric measurements. This provides a way of measuring the dynamical masses and distance and of testing the theoretical evolutionary models. Consequently, Haro 1-14C attracted the attention of observers over the past decade. Reipurth et al. (2002) first identified the system as a single-lined spectroscopic binary. Simon & Prato (2004) detected the radial velocity of the secondary and determined the full double-lined spectroscopic orbit. Finally, Schaefer et al. (2008) spatially resolved the system for the first time using optical long-baseline interferometry and derived a preliminary three-dimensional orbit.
The apparent magnitudes of Haro 1-14C in the near-infrared are 8.0 ± 0.05 mag and 7.78 ± 0.03 mag in the H and K bands, respectively (2MASS Catalog). This is too faint for the existing suit of instruments installed at the focus of imaging interferometers, which operate with 1-meter class telescopes (such as CHARA or VLTI-AT). Observations from Schaefer et al. (2008) were obtained with the two 10-meter telescopes of the Keck Interferometer (Keck-I). However, the single Keck-I baseline provides poor sampling in (u,v) coverage. This is especially true for Haro 1-14C, given its declination. Consequently, the pre- 
Observations
Supplementary interferometric data were obtained with the PI-ONIER combiner (Le Bouquin et al. 2011) at the Very Large Telescope Interferometer (VLTI, Haguenauer et al. 2010) . The use of the four 8-meter unit telescopes (instead of the four 1.8-meter auxiliary telescopes) was necessary to observe Haro 1-14C (H=8.0 mag). The visible magnitude (V=12.3 mag) was enough for the MACAO adaptive optics system to provide an adequate correction during the observations. Data were dispersed over three spectral channels across the H band. We obtained four calibrated points during the night 2013-06-19 (ESO convention). Telescope UT4 was missing during the first point because of technical problems. To calibrate the fringe visibilities and the closure phase, we interleaved observations of unresolved single stars between those of Haro 1-14C. These reference stars were found with the SearchCal 1 software in its faint mode (Bonneau et al. 2011) . Table 1 summarizes the log of observations. Data were reduced and calibrated with the pndrs package (Le Bouquin et al. 2011) .
The calibrated square visibilities and closure phases are shown in Fig. 1 together with the best-fit binary model. The expected diameters of the individual components, < 0.15 mas, are 1-2-3-4 0.13 mas unresolved by the longest VLTI baselines and were set to zero in the fitting procedure. Thanks to the simultaneous combination of four telescopes, the binary was detected without ambiguity in the relative position of the two components. We performed a bootstrap analysis by randomly selecting subsets of the observations and adding noise to these datasets. The uncertainty is given by the dispersion of the best-fit parameters when fitting these datasets. The best-fit position of the faint component with respect to the bright component is (δEast = −2.66 mas, δNorth = +0.74 mas). The 3σ error ellipse is (0.53 mas, 0.22 mas) with a position angle for the major axis of 130 deg, measured east from north. The average Modified Julian Day of observation is 56463.104.
Combined orbit
At first consideration, the orbit published by Schaefer et al. (2008) is largely inconsistent with the PIONIER astrometry (reduced χ 2 r = 122). The observed astrometry is in the vicinity of the periastron, but the date of observation is far from the expected periastron date (MJD=56616.1), which is well constrained by the radial velocities of the primary.
However, the Keck-I observations are insensitive to the absolute orientation because of the lack of closure-phase measurements: the published orbit can be flipped by Ω = Ω + 180 deg. Notes.
[a] :
The Ω value from Schaefer is the one of the swapped orbit (+180 deg), not the published orbit. See section 3. [b] : The systemic velocity is defined in the heliocentric reference frame. Doing so yields a better agreement and a discrepancy now oriented along the large uncertainties of the preliminary orbit. Starting from this flipped orbit, we ran a combined fit on all available data: radial velocities, Keck-I square visibilities, and PIONIER closure phases and square visibilities. All orbital elements were let free to vary, but this new fit mainly updates the inclination. The best-fit orbital elements are summarized in Table 2 and compared with the preliminary solution from Schaefer et al. (2008) .
We performed a simple bootstrap analysis by adding noise to the data (radial velocities, visibilities, and closure phases) according to the uncertainties, and fitting these noisy datasets. For illustration purposes, we computed the binary separations at the times of the interferometer observations to build the pseudo-astrometric uncertainty regions shown in Fig. 2 . We discarded the VLTI observation when building the Keck pseudo- astrometry, and vice versa. The best-fit orbital solution and its uncertainties were computed with the entire dataset. The probability distribution for the most relevant parameters (inclination, distance, and masses) are shown in Fig. 3 . The preliminary orbit suffers from a long tail in the probability distribution toward smaller inclinations as a direct consequence of the almost linear arrangement of all observed (u,v) points. This is not true anymore with the addition of the PIONIER observations: the probability distributions can be approximated by normal distributions. The uncertainties presented Table 2 are the standard deviation of the probability distribution of the corresponding parameter in the bootstrap analysis. The relative uncertainties on the stellar masses are now ±5% and ±3.5% for the primary and the secondary component, respectively. This is about five times better than the uncertainties of the preliminary orbit. Moreover, the tail toward larger masses in the probability distributions is now securely discarded. The revised orbital solution yields a dynamical distance of d = 96 ± 9 pc. Interestingly, this value is lower than the distance to the Ophiuchus core (119 ± 4 pc, Loinard et al. 2008 ) with a significance of 2.6 σ.
Discussion
The secondary in Haro 1-14C is one of the few low-mass premain sequence stars with an accurately determined of its dynamical mass and distance. The remaining main limiting factor in making comparisons with the evolutionary tracks is the estimation of the effective temperature. Given the binary separation, its period and total brightness, GAIA should be able to accu- rately measure the flux ratio in the visible. Combined with the flux ratio in the near-infrared, this provides key information for separating the spectral energy distribution of the secondary, and possibly for estimating its effective temperature with respect to that of the primary. It will also be possible to compare the observations with models using the V−K colors of each component in place of effective temperatures. This approach is potentially more precise (Torres et al. 2013 ).
Another possible solution lies in a direct measurement of the component diameters. However, they are out of reach of current optical interferometers with hectometric baseline lengths. Given the high inclination of the revised orbit, one might wonder whether Haro 1-14C might be a long period eclipsing binary. To test this idea, we fitted the spectral energy distribution with the sum of two atmospheric models (see Fig. 4 ). We used effective temperatures of 4400 ± 200 K for the primary and 3500 ± 200 K for the secondary (based on the spectral types from Schaefer et al. 2008) . The interferometric flux ratio in the near-infrared corresponds to a ratio of 0.75 ± 0.1 for the linear radii. We then adjusted the photometry by varying the apparent diameters and the visual extinction A V , assuming that the latter is the same for the two components. The W4 photometric point at 22 µm was discarded from the fit because it is a clear outlier in the RayleighJeans regime. The best match is obtained for A V = 1.8 ± 0.7 and for φ a = 0.131 ± 0.015 mas and φ b = 0.098 ± 0.011 mas using ATLAS9 models (Castelli & Kurucz 2004) . Differences using NextGen models (Allard et al. 1997 ) are negligible. Unfortunately, Haro 1-14C cannot be an eclipsing binary because the closest approach between the two components in the apparent orbit is 0.32 mas. These diameters correspond to R a = 1.50 R and R b = 1.13 R in linear radius at the distance of the object.
Finally, it would be very interesting to confirm the distance discrepancy between Haro 1-14C and the core of the Ophiuchus cloud. The dynamical distance is the physical parameter that is the least constrained by the existing dataset. This is because the distance linearly depends on the size of the apparent orbit (a app ), which is still degenerate at the 10% level with the orientation on sky (Ω). A few additional, high-quality astrometric observations at various epochs are needed to lift this degeneracy.
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